Antioxidants regulate functional activity and reduce the risk of development of diseases. Deficiency of antioxidants leads to sharp decrease in resistance to adverse factors. The vegetable food is the main and most available source of antioxidants for the human. Yacon (Polymnia sonchifolia Poepp. & Endl. syn. Smallanthus sonchifolia), a new perspective plant (сv. Yudinka originated by All-Russian Research Institute of Vegetable Breeding and Seed Production), was successfully introduced in Ukraine. The content of the biologically active substances (BAS) in plants is known to be influenced by transfer from the places of natural growth in other climatic conditions, and by biotic factors, too. Despite it, only a few papers are devoted to studying of the content of phenols, oligofructans and other BAS in the yacon depending on cultivation and storage conditions, and the data on an influence of pathogens on the BAS in the yacon are absent. Therefore our aim was to determine the level of the main BAS (phenolic compounds and fructosans) in yacon of the Ukrainian introduction (in leaves and root tubers), and also to estimate the influence of biotic factors. The chromatography analysis of ethanol extracts from yacon leaves and root tubers showed the phenolic compounds among which the derivatives of hydroxycinnamic acids (HCA) prevailed. Using the high-efficiency liquid chromatography, it was shown that in the ethanol extract of dry yacon root tubers the derivatives of HCA are mainly presented by a not identified peak (X1) with keeping time of 11.45 min, and also chlorogenic and caffeic acids were found. Main phenolic component of the fresh root tuber ethanol extracts was a substance with keeping time of 12.21 min (X2) which was absent in the dry root tubers and also was a derivative of caffeic acid. The content of chlorogenic and caffeic acids in fresh yacon root tubers was higher compared to dry ones, thus there are labile HCA derivatives changed when drying. We also studied other Asteraceae species (Echinacea purpurea, Arctium lappa, Helianthus tuberosus, Taraxacum officinale, Dahlia Cav.), and, unlike yaсon, found one dominant peak of caffeic acid derivatives. It was cichoric acid in coneflower and dandelion leaves, chlorogenic acid in girasol leaves, and not identified substance (X3) coinciding in keeping time with cichoric acid in burdock leaves. In yacon leaves the accumulation of HCA derivatives was higher. Majority (not less than 18) peaks on the chromatogram had a HCA specific UF-spectrum. Three components with keeping time of 7.1-7.6 min could be identified as flavonols with regard to UF-spectra. According to direct spectrophotometry of ethanol extracts, the total amount of hydroxycinnamic acids varied from 2.8 to 4.3 % (as chlorogenic acid per absolutely dry weight) depending on position of leaves on the plant. In root tubers the fructosans level changed from 36 to 45 % depending on the region of cultivation and weather conditions. A comparative assay showed that in the root tubers of yacon multiplied by cutting the fructosans level was 4.98 % higher than if the cutting was not used. Note, the fructosans level in the yacon root tubers was higher compared to girasol and dahlias tubers which are known as their effective sources with 6.2 % and 3.03 % level, respectively. A decrease in the content of main BAS in root tubers of the yacon plants influenced by biotic agents such as viruses and phytophages was also found. Particularly, in infected and damaged yacon plants the low-molecular fructosans, the sum of fructose and total fructosans, and the inulin accumulation were 8.9 %, 13.9 % and 5 % lower, respectively. Thus, the data obtained by us showed that yacon is the perspective source of fructosans
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The character of food determines human health and lifespan largely. In addition to basic nutrients (proteins, fats and carbohydrates) as well as vitamins, trace elements and major mineral elements, a large group of chemical compounds with antioxidant properties is essential for humans [1] . Biologically active substances (BAS), including antioxidants regulate body functions and reduce the risk of some diseases. Deficiency of antioxidants and a breach in antioxidant protection result in a sharp decrease in the resistance to adverse factors. The vegetable food, including alternative and medicinal forms, is the main and most available source of antioxidants for humans [2] .
The introduction of plants with high content of bioactive substances is actual worldwide and is associated with a lack of these compounds in the diet of the population in many countries. Estimation and selection of plants with high content of antioxidants, as well as the study of their structure are necessary for the creation of foods fortified with micronutrients and food nutrients [3] . Thus, stachys, Chinese artichoke (Stachys sieboldii Mig.), has been introduced in the Nonchernozem Zone of the Russian Federation, and the composition and content of biologically active substances and antioxidants in its nodules have been studied. In addition to sucrose, a complex of BAS and antioxidants has been found in the nodules, such as vitamin C, phenolic compounds including flavonoids, natural glycosides [4] . This useful plant has also been introduced in Ukraine and Bulgaria [5] .
Alternative sources of antioxidants include yacon, or sharp-leaved polymnia (Polymnia sonchifolia Poepp. & Endl. syn. Smallan-thus sonchifolia), perennial plant of the Asteraceae family [6] . The main area of yacon is the middle latitudes of South America. It has already been introduced in United States, New Zealand, South Europe, Iran, Japan, Moldova, the Czech Republic, and Uzbekistan. Studies on the introduction of yacon in the CIS started at the AllRussian Research Institute of Vegetable Breeding and Seed Production (VNIIS-SOK) have also been continued [7] [8] [9] .
Yacon is considered a valuable medicinal plant due to the high proportion of inulin, a polysaccharide which is easily absorbed in the body and serves as a substitute for sucrose in diabetics dietary, in the root tubers. Scientists from many countries have demonstrated the hypoglycemic characteristics of yacon [10] [11] [12] [13] . Mainly, the medicinal effect of the underground part of the plant has been studied, although the leaf extracts have been shown to reduce the blood sugar level [14] [15] [16] [17] . Due to the content of chlorogenic, caffeic acids and other phenolic compounds, its leaves also possess antioxidant properties [18] [19] [20] [21] .
The yacon Yudinka variety bred in VNIISSOK has been introduced in Ukraine [22] [23] [24] . The content of BAS may change in plants when they are transfered from the places of their natural growth in other climatic conditions. However, just a few papers deal with the study of the content of phenols, oligofructans and other BAS in yacon and of the cultivation and storage conditions for the plant.
We quantified the accumulation of the main biologically active substances in yacon variety introduced in Ukrain depending on abiotic and biotic factors (soil and climatic conditions of the region, breeding technology, pathogens and pests), and compared these data with the results of the analysis of other Asteraceae members.
Technique. Yacon variety Yudinka (originator is the All-Russian Research Institute of Vegetable Breeding and Seed Production) and purple coneflower (Echinacea purpurea), burdock (Arctium lappa), girasol (Helianthus tuberosus), dandelion (Taraxacum officinale) and dahlia (Dahlia Cav.) were studied (research of 2011-2013, Ukraine). Yacon was grown at the experimental plot of the ESC Institute of Biology of the Taras Shevchenko National University (Kyiv) in Kyiv, Poltava, and Chernigiv regions, the rest of the samples were grown in Kyiv and Poltava regions.
Yacon was propagated by stem cuttings [27] . Stems with one pair of leaves were placed in peat pots with soil, covered with plastic caps and watered abundantly. Then they were moved into greenhouses with the air temperature of +18...+20 С and illumination of 6 thousand Lx (light period duration of 16 h). In the first variant of experiments on laboratory optimization of yacon reproduction and growing in the field, stem cuttings were used, the 2.5 months old yacon was planted in open ground; in the second variant yacon was not grafted, its rhizomes with regrown stems were planted in the field after 2.5 months of growth in the laboratory. Plants were dug in October (before freezing), and leaves and root tubers were collected for the study.
Liquid chromatography was performed (Agilent 1100, Agilent Technologies, USA) with a diode matrix detector and Agilent Zorbax Eclipse XDB-C18 column (150½4.6 mm, sorbent particle size of 5 μm) (Agilent Technologies, USA). Gradient elution system with acetonitrile and phosphoric acid was used. Chlorogenic acid based on anhydrous matter was used as the reference substance. The presence of phenolic compounds was determined in the ethanol extract of leaves, dry and fresh whole root tubers and in their peel. Phenolic compounds in ethanol extracts of the leaves of purple coneflower, burdock, girasol, and dandelion were analyzed as well. Separated substances were identified by comparing the retention time of the peaks in the chromatograms of samples and reference compounds ( = 325 nm was an operating wavelength).
The amount of fructosans based on dry matter and 5-hydroxy methylfurfural were determined spectrophotometrically by standard methods at  = 285 nm using a UV 1600 spectrophotometer (Mapada, China) [28) ]. To quantify fructosan fractions, the Selivanov color reaction was used (heating fructose with hydrochloric acid to produce hydroxy methylfurfural that gives a cherry-red color with resorcinol, the intensity of which is determined by spectrophotometry) [29] . To separate high and low molecular weight fructosans, a technique based on their solubility in 96 % ethanol was used. The amount of fructosans were calculated as fructose in aqueous and ethanol extracts of yacon root tubers. The results of water extraction showed the content of fructose and total fructozans, the difference between the values for the water and ethanol extracts showed the inulin content. In addition to yacon, fructosans were determined in the plants of artichoke and dahlia. The total amount of hydroxycinnamic acids (HCA) in the leaves of the 2 nd tier and the leaves of the 1 st to 4 th tiers (an average sample) were estimated by direct spectrophotometry of ethanol extracts ( = 325 nm; UV 1600, Mapada, China) and expressed based on chlorogenic acid and dry matter [30] .
The data were processed by the normal variant distribution parametric criteria, and standard deviation was calculated by the standard method using the Microsoft Excel package.
Results. Figure 1 shows yacon of different ages and the yielded root tu-bers (healthy and affected by viral infection) [31] . The chromatography analysis of ethanol extracts from yacon leaves and root tubers showed phenolic compounds among which the hydroxycinnamic acids (HCA) derivatives prevailed. Their UV spectra had a characteristic maximum at 325-330 nm and a shoulder at 300-305 nm (Fig. 2, A) .
In the chromatograph of the ethanol extract of dry yacon root tubers, the derivatives of HCA were presented by a main not identified peak (X1) with the retention time of 11.45 min. Chlorogenic and caffeic acids were found as well (see Fig. 2, B) . The main phenolic component of the ethanol extract of fresh root tubers was a substance with the retention time of 12.21 min (X2) which was not found in dried root tubers and was also a derivative of caffeic acid (see Fig. 2,  C) . Similar results indicating the presence of chlorogenic, caffeic and other acids, as well as quercetin and two flavonoids in yacon root tubers have been described in publications [32] [33] [34] [35] . The analysis of chromatograms of ethanol ex-tracts of whole root tubers and its peel demonstrated no qualitative and quantitative differences in HCA.
In yacon leaves, the quantity of HCA derivatives was greater. Depending on the area of cultivation they contained from 2.78 to 4.30 % HCA which indicates the prospect of using not only root tubers but also the aerial part as medicinal raw material. The majority of peaks (not less than 18) in the chromatograms had a UV spectrum specific of HCA. Three components with retention time of 7.1-7.6 min could be identified as flavonols with regard to UF-spectra. Our data are consistent with the results of Czech scientists who, in addition to HCA derivatives, found an unknown derivative of chlorogenic acid and one unidentified flavonoid in the leaves of yacon [32] . In HCA derivatives in other plants studied, unlike yaсon, a dominant peak of one of caffeic acid derivatives was found. In coneflower and dandelion leaves it was cichoric acid, in girasol leaves it was chlorogenic acid, in burdock leaves it was an unidentified substance (X3) similar to cichoric acid in its retention time.
In yacon, in the 2 nd top tier leaves, HCA content was higher (p < 0.01) than that of the average for the sample of the 1 st to 4 th tier. It was greater by 0.38 % in Kyiv Region, and by 0.58 % in Poltava Region (Table) . This tendency was found in girasol, particularly, BAS level in the 2 nd tier leaves compared to the 1 st to 4 th tier was greater. These results may be due to redistribution of substances in younger leaves during the plant growth. These data will be useful in the production of high quality drugs.
Other authors demonstrated that yacon root tubers contain from 25 to 83 % of carbohydrates depending on the conditions and the region [25, 36, 37] . In our study, the amount of fructosans in yacon was 44.7 % in Kyiv Region, 44.0 % in Chernigiv Region, and 36.1 % in the Institute experimental plot (Kyiv).
In the experiments on the optimization of yacon reproduction techniques (2013), the fructosans content in root tubers of plants grown from cuttings was 4.98 % greater when compared to non-grafted plants (56.20±0.30 % versus 51.22±0.32 %). Note, it was greater in yacon than in girasol (47.51±0.31 %) and dahlia (50.68±0.28 %) for which higher accumulation of these substances is typical. This means that yacon can be considered a no less promising source of fructosans.
During the yacon growing season in the field (2013), symptoms of viral diseases that affect the number and size of the root tubers were observed (see Fig. 1, C) . Leaf damage by caterpillars and the presence of other pests in the soil was found [31] . In the affected root tubers compared to healthy ones, the content of lowmolecular fructosans was lower (40.3±0.60 and 49.2±0.76 %, respectively), the level of fructose and total fructosans decreased as well (51.10±0.77 and 65.0±0.98 %), like the amount of inulin (10.8±0.16 and 15.8±0.22 %). This demonstrates the declining quality of medicinal plants. Similar results were obtained by us and by foreign authors for other medicinal plants [38] [39] [40] [41] [42] .
Thus, yacon root tubers and leaves (compared to other Asteraceae memebers studied herein) can be regarded as a promising material for the production of herbal remedies and dietary supplements with antioxidant and hypoglycemic properties due to their high content of phenolic compounds and fructosans, inulin in particular. Due to a considerable reduction of the main active ingredients in yacon root tubers exposed to viral infections and pests, the methods of crop protection should be used timely. 
